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1. BACKGROUND AND INTRODUCTION 

The prospect for permanent facilities in space provided by the 
Space Station Program (SSP) opens up possibilities for working in a new 
environment so different from the earth. 
early consideration and systematic development of concepts for the 
commercial utilization of the Space Station and its associated facilities 
in near-earth orbit. This environment is characterized by its 
microgravity; high vacuum; solar radiation; relatively clean, non-chemical , 
nonbiological atmosphere; etc. Considerable thought has been given to this 
issue, especially in areas related to life sciences and materials research. 
Another area, in which rapid advances are on-going, and for which the 
environment of space may hold significant commercial advantages is that of 
microelectronics. 

An important aspect of SSP is the 

First considerations of space-based processing of microelectronic 
elements and components naturally begin with current, familiar, earth-based 
processes and known microelectronic design concepts. 
potential space application areas include: 

In this regard, 

1. Advanced materials processing 
2. Bulk crystal growth 
3. Epitaxial Thin Film growth and related processes 

The use of robots and automation systems with special purpose sensors and 
some degree of intelligence would be essential for space-based commercial 
operations in any of these areas. 
being automated on Earth. 
in space are dominated by the extreme high cost of man-hours in the space 
environment. 

These same operations are currently 
Reasons for highly or fully automated operations 

On the other hand, it is reasonable to expect that the 
environment of space itself will eventually lead to entirely new concepts 
for microelectronic devices as well as for associated production processes. 

1 



In either case, space-based robots, sensors and process specific 
systems would be essential for practical and cost effective commercial 
space operations. While some thought has been given to potentially useful 
space-based microelectronic processes, 1 ittle attention has yet been given 
to the establishment of requirements for robots to support and/or carry out 
these processes. 

t 

The following types of questions are of central importance in 
regard to robotics for commercial microelectronic processes in space: 

1. 

2.  

3 .  

4 .  

5.  

6. 

7. 

What potential advantages support the commercial use of 
space for production processes for microelectronic 
materials, elements, components and assemblies? 

Which of these processes require robotic assistance and what 
are the associated requirements for the robot, sensors, etc? 
What are the technical drivers? 

How might microelectronic concepts and processes be modified 
to realize the maximum advantage of the space environment to 
produce better systems? 

What further robot system requirements would be added by 
advanced microelectronic concepts and processes? 

What are the robot requirements for terrestrial and/or 
space- based R&D in support of commerci a1 mi croel ectri c 
processes space. 

What technology gaps or state-of-the-art short falls 
currently exist in regard to the above robotic issues? 

What technology development costs and schedules can be 
expected? 

2 



These and other related questions motivated the Office of Space 
Commercialization at the Goodard Space Flight Center (Code 700.6) to 
conduct this the first workshop in "Robotics for Commercial Microelectronic 
Processes in Space," on December 2 and 3, 1987. The workshop, intentially 
kept small, was attended by the twenty-five persons listed in Appendix A, 
representing the full range of relevant interests and technologies. 
following sections of this report contain descriptions of the workshop 
organization and procedures, and of the resulting findings, conclusions and 
recommendations. 

The 

2. PURPOSE AND OMECTIVES 

The purpose of the workshop was to study potential applications 
of robots for cost effective commercial microelectronic processes in space 
and to define the associated robotic requirements. 
the workshop will ultimately be organized into a NASA technology 
development plan and demonstration program to enhance NASA's impact on the 
commercialization of space. 

Ideally, the results of 

The objectives of the workshop in support of its purpose include: 

o To assemble and support discussions between recognized 
experts in technical areas related to commercial 
microelectronics and robotics. 

o To identify the critical issues related to commercial 
microelectronics in space, present and future, using robots. 

o To identify a priority listing of potential robot 
applications including: 

- Detailed advantages and disadvantages of the space 
environment for commercial and/or R&D 
microelectronic processes. 
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- The need for robots for space-based R&D leading to 
potent i a1 commerci a1 processes. 

- The need for robots for space-based commercial 
microelectric processes. 

- Requirements for robotic activities, sensors, 
system intelligence, etc. 

- Current technology deficiencies. 

o To identify robotic applications development elements not 
covered by other NASA development programs. 

3. ORGANIZATION OF WORKSHOP 

3.1 The Prouram 

A program was designed to support the successful achievement of 
the above workshop objectives. 
1, show that it consisted of five separate sessions over the two-day 
workshop period - including a GSFC facilities tour. The first, second and 
f i n a l  sessions were plenary sessions. The four th  session e n t a i l e d  smaller 
workshop panel meetings to simplify the task of getting down to details on 
the issues raised during the plenary discussions. The final session was 
dedicated to presentations of panel results to the entire group, to open 
discussions and, finally, to a wrap-up of findings, conclusions and 
recommendations. 

Details o f  this program presented in Figure 

3.2 

The process or flow of the workshop inherent in the program of 
Figure 1 i s  diagrammed in Figure 2. 
and planned outputs at each stage of the process. 

Figure 2 shows the workshop activities 
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The workshop began w i t h  the  f o l  1 owing shor t  i n v i t e d  presentat ions 
by attendees represent ing the  d i f f e r e n t  aspects o f  r o b o t i c  appl icat ions for 
commercial m ic roe lec t ron ic  processes i n  space: 

1. 

2. 

3 .  

4. 

5 .  

6. 

7. 

a. 

9. 

Modular, Kinematically-Redundant Manipulators - 
Jack Thompson, RRC 

Automation i n  Crysta l  Growth - Robert Mazelsky, 
Westinghouse RAD 

Chemical Vapor Transport Experiment - Dave Yoel, BCSDC 

Robotics and Mater ia ls  Processing i n  Space - L i s a  McCauley, 
B a t t e l l  e 

Robotics Requirements f o r  Ep i tax ia l  Thin F i l m  Growth f o r  
Microelect ron ics i n  Space - A. Ignat iev,  Un ive rs i t y  o f  
Houston 

I C  Manufacture i n  Vacuum - Tom Seidel, UCSB 

Robotics f o r  Commercial Microelect ron ic  Processes i n  Space - 
Nevi 11 e Marzwell , JPL 

Microgravi  t y  Robotics - Doug1 as Rohn, NASA/LeRC 

I n d u s t r i a l  Space F a c i l i t y  - Olav Smitstad, I S F  

10. Concept Development Ideas - Tom Taylor, SPACEHAB 

Presentat ion mater ia ls  f o r  these t e n  (10) papers presented i n  Session I are 
inc luded i n  Appendix C. 

The presentat ions were l o g i c a l l y  grouped before the  workshop i n t o  
the  f o l l o w i n g  th ree  categor ies:  
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(1) Mic roe lec t ron ic  Processes 

(2)  
(3)  Support Elements 

Robot Capabi 1 i t  i es 

Figure 3 shows pre l im inary  l i s t s  o f  issues which were a lso developed before 
the workshop fo r  each o f  these catagories. 
presentat ions and the  in format ion i n  Figure 3 was t o  provide some common 
s t a r t i n g  p o i n t  f o r  and t o  s t imu la te  the  open discussions i n  Sect ion 11. 

The purpose o f  the  

Poten t ia l  robo t i c  app l i ca t ions  introduced by the  presenters o r  
r e s u l t i n g  from discussions dur ing Session I were f u r t h e r  discussed i n  
Session 11. 
t o  promote the  f r e e  f low o f  ides and cons t ruc t ive  exchanges among a l l  of 
the  pa r t i c i pan ts .  
robo t i c  app l i ca t ions  t o  prov ide a near-term p r a c t i c a l  focus. Furthermore, 
discussions were centered on the  need t o  i d e n t i f y  technica l  issues, 
problems and so l  u t  i o n  approaches f o r  each appl i c a t  i on. 

Session I 1  was b a s i c a l l y  a "brainstorming" session, organized 

The purpose o f  Session I1 was t o  narrow down the  l i s t  o f  

Among the  many usefu l  r e s u l t s  of Session 11, the  fo l l ow ing  three 
r o b o t i c  app l i ca t i on  areas were selected from a l l  those discussed as having 
the  grea tes t  immediate importance: 

1. Mic roe lec t ron ic  devices 

2. Bulk c r y s t a l  growth 

3 .  Ep i tax ia l  t h i n  f i l m  growth 

These were adopted as the  focus top i cs  f o r  t he  workshop panels i n  the  
fo l low ing  sessions. 
workshop were organized i n t o  th ree  panels t o  cover the  above th ree  r o b o t i c  
a p p l i c a t i o n  areas. Panel members were selected t o  g ive  each panel a cross 
d i s c i p l i n a r y  character. Each panel was made up o f  a t  l e a s t  one s p e c i a l i s t  
from the  area o f  t he  panel 's focus t o p i c  as we l l  as representat ives from 

Those who were able t o  at tend both days o f  t he  

9 
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the robotics and the space environment/facil ities communities. The three 
panels and their respectived members are listed in Figure 4. 

A generic robotic functions list (see Figure 5) was also 
developed in Session I1 to include all functions related to microelectronic 
processes with potential applicability to commercial operations in space. 

The purpose, then, of the workshop panels was to specialize the 

This was achieved in Sessions IV by each of the three panels 
robotic functions from Figure 5 to the specific focus topic taken up by 
each panel. 
by means of the following process: 

1. 

2. 

3 .  

4.  

5. 

6. 

7.  

Identify (from Figure 5) appropriate relevant robotic 
functions 

Consider robotic requirements for each function 

Determine technical needs/difficul ties or technical problem 
areas 

Develop possible sol ut ion approaches 

Define technical development requirements 

Draw concl us i ons 

Devel op recommendations 

The results from each of the panels were presented to the entire 
workshop body in Session V for further open discussions before final wrap- 
UP * 

11 



FIGURE 5. POTENTIAL ROBOTIC-BASED FUNCTIONS FOR COMMERCIAL 
MICROELECTRONIC PROCESSES I N  SPACE 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 

14. 
15. 
16. 
17. 
18. 
19. 

Mater i  a1 supply 
Ma te r ia l s  cleaning/preparation 
Sample o r  work piece i n s t a l l a t i o n  and removal 
Interprocess t ranspor ta t i on  
Ma te r ia l  s l  ic ing/cut t ing/etc .  
Process monitor ing 
Ma te r ia l s  character izat ion 
Process c o n t r o l  
Maintenance/repai r 
Configuration/reconfiguration 
F a u l t  detect ion/analysis/pl  anning 
F a u l t  recovery 
Expert Systems (Robot based) 

o planning 
- m u l t i p l e  p r o j e c t  
- s i n g l e  p r o j e c t  

o queuing 
o p a t t e r n  recogni t ion 

- scene analysis 
- sample analys is  

Cal i b r a t  i on 
Environmental con t ro l  
Hazard c o n t r o l  
Operator i n t e r f a c e  
Product completion and packaging , 

Waste management 

PRECEDING PAGE BUNK NOT FILMED 
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4. FINDINGS 

An enormous amount o f  informat ion was brought forward dur ing the 
present workshop - by the presenters i n  Session 1 and also as a r e s u l t  o f  
open discussions among workshop p a r t i c i p a n t s  dur ing subsequent sessions. 
High1 i g h t s  o f  re levant  workshop informat ion are 1 i s t e d  below under the  
general headings 

(1) Microelect ron ic  Processes 

(2 )  Robot Capabi 1 i t  i es 

(3) Support Elements 

I n  most cases more d e t a i l e d  in format ion on each t o p i c  can be found i n  the 
presentat ion ma te r ia l s  contained i n  Appendix C. 

4.1 M i  c roe l  e c t  ron i c Processes 

4.1.1 T e r r e s t r i a l  Operations 

o Evolut ion towards "hands-off", f u l l y  automated operations 

- Furnace operations/controls 

- Handling o f  in-process wafers 

- Device assembly 

- Inspect ion and t e s t  

o Advanced manufacturing processes and f a c i l  i t i e s  are under 
development 

14 



4.1.2 The Space Environment 

o Significant (unique) advantages exist 

o Very quiet, very clean environments are possible/necessary 

o New materials, products and process capabilities are 
predicted 

4.1.3 Space Operat ions 

o Complete automatic IC and device production in space is the 
dream 

o Man is the most expensive commodity in space 

o Experiments and R&D demonstrations (microelectronic 
processes are planned for future shuttle flights and for the 
space station. 

o "Man-in-the-loop" operations will be necessary for early 
operations - either directly or telerobotically. 

o Process concepts for operations in space are under study 

- Bulk crystal growth 

- Materi a1 transport systems 

- Epitaxial thin film growth 

- Advanced sensors and control schemes 

o The best process designs are based on the use o f  simple 
robotic concepts and mechanisms 

15 



o There is strong (and alarming) international competition f o r  
the use o f  space for microelectronics and materi a1 s 
process i ng 

- Japan 
- Russia 
- Germany 
- Canada 

4.2 Robot CaDabi 1 it i es 

4.2.1 Terrestrial Applications 

o Highly productive and reliable robotic solutions for 
preprogrammed , repet i ti ve operat i ons 

o Broad variety of configurations, multiple DOE systems 
avai 1 ab1 e 

o Real-time sensory controls and simple machine intelligence 
are under devel opment/test 

4.2.2 Special Requirements for Space 

o Ultra cleanliness 

o Advanced manipulation capability 

- Dexterity 

- Work envelope volume and access 

- Accel erat i on/speed 

- Positioning precision 

16 



, ., 

o Smooth motion (micro-G) 

o Ac t ive  damping 

o Force c o n t r o l / l  i m i t a t i o n  

o Safe operations 

o Design s i m p l i c i t y  and r e l i a b i l i t y  

o Low mass 

o Engineered f o r  space operations (micro-G, vacuum, thermal 
management, e tc .  ) 

o Upgradeable/expandabl e, designed f o r  growth 

4.2.3 Space App l ica t ions  (Typical)  

o Cleaning and maintenance o f  process equipment 

o Transport o f  samples w i t h i n  processing s t a t i o n s  

o Sample transport between processing stations 

o Handling and operations w i t h  t o x i c  process ma te r ia l s  

o Replacement o f  " d i r t y "  humans 

4.2.4 Generic Advanced Technology Needs (For Space) 

o In tegra ted  sensing capab i l i t i es :  

- Vision, fo rce  and t a c t i l e  sensing 

17 



- Completely automated scene analysis capabilities 

- Visual sensing - based controls 

o Control strategies and software systems 
control of robots moving in contact with 

o Efficient motion and task planning algor 

'0 r force - g u i d ed 
other bodies 

t hms 

o Geometric algorithms and analysis techniques for 
mechanization planning 

4.3 Sumort Facilities 

4.3 .1  Existing and/or Near-Term Space Facilities 

o National Space Transportation System 

o SPACEHAB 

- NSS middeck modules 

- Man-tended capabilities 

- Pressurized shirt sleeve environment 

- Robotic/automation support built-in 

- NSS berthing or space station attachment 

- Utilities provided (by NSS or SS) 

o Industrial space facility 

- Launched/served by NSTS 

18 



- Man-tended capabi 1 it i es 

- Pressurited/shirt sleeve environment 

- Robotic/automation support built-in 

- Bui 1 t-in power source/resource management systems 

- On orbit mission extension/expansion 

- Medeoroid/radiation shell protection 

o U.S. space station 

5. CONC LUS I ONS/RECOMMENDAT IONS 

The general conclusion of the workshop is that the environment of 
space provides a number of potentially very significant advantages in 
regard to commercial microelectronic processes. These advantages are 
principally associated with the microgravity, clean1 iness, quietness, high 
vacuum and thermal characteristics of space. There are a corresponding 
number of technical challenges in regard to testing and, ultimately, 
real i zi ng these advantages. 
effort appears to be justifiable in terms of the anticipated benefits of; 
(1) increased understanding of associated physical phenomena - both in 
space and on earth, (2) improved microelectronic process - in'space and, 
possibly, also on earth, and (3) new microelectronic device/ component 
design concepts made possible by (1) and/or (2). 

However, 'the necessary test and development 

Robots will be essential for microelectronic processing in space 
during the initial concept testing, R&D and ultimate production phases. 
The trend for microelectronics on earth is towards more automation within 
and among all production processes. Some aspects or activities associated 
with the above phases of microelectronic processes in space could be 
handled by technical personnel. However, because o f  the extreme high cost 
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of man in space, man's role in this, as well as most other programable 
space-based process/activity is more practicably that of a manager rather 
than a doer. Furthermore, there are perhaps microelectronic processes 
which could be carried out in space only by robots and not by man. 
Clean1 iness, quietness, accuracy/timing, and re1 iabil ity during repetitive, 
monotonous tasks are among the desirable characteristics that are easier to 
build into robots than into technicians. 

Some real progress was made during the workshop towards the 
development of the requirements for robots for space-based microelectronic 
processes. 
general area of robot -supported materi a1 processi ng in space. 
requirements and detailed specifications are dependent on application. The 
important design issue of whether to develop and use single, more flexible, 
general purpose robots or multiple, simpler, special purpose robots is also 
dependent on appl i cat i on. 

These some requirements probably apply for the broader more 
Speci f i c 

The robot requirements identified during the workshop, in 
general, are those which relate to extending human capabilities in the 
space envi ronment and to supporting the speci f i c mi croel ectroni c processes 
discussed during the workshop. 
large operating vo'lume, micro precision accuracy for pick and place 
operations, clean1 iness, ultra high re1 iabil ity, integrated-sensory-coupled 
controls, etc. The technology developments associated with each of these 
requirements were also identified during the workshop. Both robotic 
requirements and necessary technology developments are summarized in the 
workshop panel reports in Appendix B. 

These requirements include long reach and 

The general recommendation o f  the workshop is to study the 
microelectronic processes discussed in the workshop in greater depth to 
establish a more detailed understanding o f  the requirements and advantages 

On going and planned NASA robot developments for space operations 
programs are for the 
recommendation of th 
identifying and meet 

most part driven by EVA requirements. 
s workshop is to apply an appropriate effort towards 
ng the requirements for IVA robots. 

A specific 

20 



The fo l l ow ing  l i s t  o f  a c t i v i t i e s  represents the  recommended 
fol low-on from the  workshop beyond the  se lec t i on  o f  the  most promising 
microelect ron ic  processes mentioned above: 

1. 

2. 

3 .  

4 .  

5 .  

I d e n t i f y  a p r i o r i t y  l i s t  o f  mater ia ls ,  processes, and 
r o b o t i c  technologies t o  be inves t iga ted  f o r  near term use i n  
space. 
p r a c t i c a l  guidance on the  use o f  man versus robots i n  space- 
based developmental and commercial microelect ron ic  
processes. Thi  s cost/benef i t study should necessar i ly  be 
focused on s p e c i f i c  mic roe lec t ron ic  processes i n  order t o  
prov ide the  most d e t a i l e d  and meaningful resu l t s .  

Perform a cost  b e n e f i t  t r a d e - o f f  study t o  provide 

Develop a conceptual design f o r  a robo t i c  space f a c i l i t y  f o r  
appl i ed R&D i n  m i  c roe l  ec t ron i  cs . 

Develop a conceptual design f o r  a ground t e s t  version o f  a 
mic roe lec t ron ic  f a c i l i t y  which demonstrates the  key 
features.  

I d e n t i f y  what i n t e r i m  f l i g h t  experiments could be developed, 
such as, small attached payloads, which would t e s t  key 
r o b o t i c  func t ions  a t  reasonable cos t  i n  the  near fu tu re .  

Layout a program p lan  which encompasses the  programmatics t o  
accomplish the  above elements. 
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APPENDIX 6 - WORKSHOP PANEL REPORTS 

- M i  c roe l  ec t ron i  c Devices 

- Bulk Crysta l  Growth 

- E p i t a x i a l  Thin F i l m  Growth 
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Microelectronic Devices Panel ReDort 

1. ADDroach 

(1 )  Considered two earth-type processes carried out in space 

o 
o Crystal Substrate Production 

Fabrication of Large Photovoltaic Arrays 

(2)  Subjected these to "Workshop Process" 

o Which functions (from Figure 5) have potential 
robotic solutions? 

o What are solution possibilities? 

o Technical developments: 

- what difficulties 
- what development requirements 

(3) Analyzed findings and drew concl usi ons/recommendat i ons 

2.  Process DescriDtion 

(1) Fabrication of large area solar cell arrays to provide 
power for space col oni es 

o Figure B-1 shows general configuration and process 
flow. 

o Assume that feedstock i s  substrates with layers 
intact. 
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FIGURE E-1. SOLAR ARRAY FABRICATION PROCESS. 
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o "R's" on f low diagram s i g n i f y  r o b o t i c  
i n s t a l l a t i o n s  ( o r  oppor tun i t ies) .  

- Ra = general purpose robot  

(2) Production o f  c r y s t a l  substrates 

o Figure 6-2 shows general process f l o w  

o Feedstock i s  bu lk  c r y s t a l  ma te r ia l  

o Poten t ia l  robot  u n i t s  are i nd i ca ted  on Figure C-2 

o I n t r a  and i n t e r  process robots  may a l s o  be 
necessary - s i m i l a r  t o  so la r  a r ray  f a b r i c a t i o n  
process 

3. I d e n t i f i e d  Technical Needs D i f f i c u l t i e s  

(1) Photoval t a i c  arrays 

o The accurate, r e a l  t ime determinat ion o f  a robots  
l o c a t i o n  w i t h i n  the  f a b r i c a t i o n  f a c i l i t y  and r e l a t i v e  
t o  the  work piece. 

o The accurate, rea l - t ime pos i t i on ing  and indexing of 
wafers w i t h i n  the  work piece/array assembly. 

o Robot clean1 iness 
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FIGURE 8-2.  CRYSTAL SUBSTRATE PRODUCTION (e.g. ,  Ga A,) 
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4 .  

(2 )  Crystal  substrates 

o I n t e r f a c i n g  between process stages. 

o Highly  accurate reg i s t ra t i on / i ndex ing  o f  work pieces a t  
each process stage. 

DeveloDment Reauirements 

(1) Appropr ia te ly  designed manipulators 

o SOA p o s i t i o n  accuracies fo r  we l l  designed u n i t s  are 
j u s t  about adequate. 

o End-point con t ro l s  (using lasers)  would provide a f u l l y  
adequate s o l u t i o n  f o r  f u t u r e  systems. 

(2) Micro gr ippers and associated t o o l i n g  

o Really, a set  o f  r o b o t i c  tweezers. 

(3 )  Spec ia l l y  designed i n t e r f a c e  schemes and equipment fo r  
1 i n k i n g  stages o f  automatic processes 

(4)  Sensors t o  detect  t oo l /pa r t  o r i en ta t i ons ,  f o r  process 
q u a l i t y  and completion monitoring, and f o r  f i n a l  inspect ion.  

(5) Locomotion schemes/systems f o r  robots w i t h i n  space 
f a b r i c a t i o n  work space o r  f i x e d  f a c i l i t y .  

( 6 )  Software systems fo r  cont ro ls ,  sensor i n t e g r a t i o n  and some 
i n t e l l i g e n c e  i n  automatic process execution. 
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5 .  

6. 

Resul ts/Conclusions 

(1) Most of these (above) development requirements are being 
carried out within NASA A&R Programs at NASA centers and at 
university and commercial 1 aboratories, especially in regard 
to external vehicular activity, EVA, robotics. 

Recommendations 

(1) Need process - specific requirements and design studies for 
robotic activities. 

( 2 )  Need a specific system/demonstration program for an IVA 
robot 

o Systematic terrestrial demo program. 

o U1 timately, need a space-based demonstration. 

o Highly probable that a free flying capability will be 
essential and cost effective. 
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Bulk Crys ta l  Growth Panel ReDort 

1. Amroach 
-3 

(1) Def ine bu lk  c r y s t a l  growth process: growth o f  a c rys ta  
by any process inc lud ing  chemical, physical ,  1 iqu id ,  e tc .  

(2) Def ine panel ob ject ive:  i d e n t i f y  po ten t i a l  r o l e s  o f  
robo t i cs  (both te leoperated and autonomous) f o r  bu l k  growth 
processes i n  space. 

(3)  Define robot:  a mult ipurpose manipulator w i t h  sensing and 
"smart" processing capab i l i t i es ,  capable o f  being programmed 
by a person. 

( 4 )  Apply the  "workshop process" t o  space-based b u l k  c r y s t a l  
growth. 

2. Process Descr iDt ion 

The b u l k  c r y s t a l  growth process was character ized by the  
f o l l o w i n g  th ree  phases o f  a c t i v i t y :  

(1) Preprocessing - including such things as m a t e r i a l  t ranspor t ,  

sample storage, inspection, equi pment/materi a1 i n s t a l  1 a t  i on, 

equipment serv ic ing,  and process planning. 

(2) Processing - i nc lud ing  such th ings  as sensing, data 
analysis,  actuat ion,  warm-up, growth, and cool  -down phases. 

( 3 )  Postprocessing - inc lud ing  such th ings  as sample removal, 
t ranspor t ,  storage and inspect ion,  and clean up. 
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3 .  Pos i t i on  o f  the  Panel 

(1) Robots are r e l a t i v e l y  more usefu l  (as compared t o  "hard" 
automation) i n  a var iab le  and o f ten  unpredictable 
environment such a c r y s t a l  growth, i nvo l v ing  equipment 
shar ing among d i f f e r e n t  process phases. 

(2 )  Robot performance requirements are d r i ven  by the  processing 
phase a c t i v i t i e s .  

(3 )  Pre and post  processing phase a c t i v i t i e s  requ i re  l e s s  
accuracy bu t  probably more robot  f l e x i  b i  1 i ty. 

( 4 )  Robots are, therefore, probably eas ier  t o  apply i n  the  pre  
and post processing phases o f  the  bu lk  c r y s t a l  growth 
process. 

4. I d e n t i f i e d  Technical Needs/Dif f icul  t i e s  

(1) SOA gener ic robot  spec i f i ca t ions  include.: 

- Transport ob jects  w i th  a mass o f  1-50 kg and s i t e  of 
1 mm t o  meter cubed 

- End p o i n t  accuracy Of 0.1 mm t o  1 mm 

- Path fo l l ow ing  accuracy o f  5-10 mm 

- Reach o f  0.5-2 meter 

- M o b i l i t y  o f  5-20 meter ( f a c i l i t y  dependant) 

(2 )  The a b i l i t y  t o  i d e n t i f y  cracks - t h i s  seems t o  requ i re  the  
spect ra l  and reso lu t i on  cha rac te r i s t i cs  o f  the human eye. 
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(3)  The need f o r  robots  w i t h  a wide range o f  process sensing and 
p o s i t i o n  accuracy c a p a b i l i t i e s .  

5. Devel oDment Reauirements 

(1) The fo l l ow ing  represent s p e c i f i c  robot  capab i l i t i es ,  no t  
p resent ly  ex is t ing ,  appear t o  be necessary t o  support robot -  
based bu lk  c r y s t a l  growth i n  space: 

- Micro/macro motion cont ro l  (1 micron t o  1 meter) 
i n  a s ing le  manipulator 

- Accuracy of 0.lmm over 1 meter t r a v e l  

- Detect 1 gram cont rac t  fo rce  

- A b i l i t y  t o  cont ro l  t i p  motion o f  a 1 meter long 
t o o l  w i t h  0.1 mm accuracy 

- E n t i r e  maniupaltor t o  f i t and work w i t h i n  12" x 
12" x 6" space 

- Sense accelerat ions o f  10 t o  the  -6 G between 
0.001 and 100 Hz 

- Sense forces of 1 gram t o  10 l b  

- Sense temperatures o f  0-500 deg centr igrade with 1 
deg accuracy 

- Sense pressure 10 t o  the  -7 t o r r  t o  10 atm 

- Mult i -spectrum v i s i o n  (UV t o  I R )  2D/3D, lOOOx 1000 
p i x e l  
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6. 

7 .  

( 2 )  The major technica l  t r a d e - o f f  i s  between developing robots 
w i t h  a wide range o f  sensing and p o s i t i o n  c a p a b i l i t i e s  vs  

using a combination o f  a more simple robots and special  
purpose too l s .  

Resul ts/Conclusions 

(1) It appears t h a t  robots could/should be u s e f u l l y  appl ied t o  
t he  c r y s t a l  bu l k  growth process. 

(2 )  No known show-stoppers were i d e n t i f i e d  and r o b o t i c  
app l i ca t i ons  seem e n t i r e l y  feas ib le .  

(3)  Further, in-depth studies are, however, necessary f o r  more 
s p e c i f i c  de ta i  1 s. 

(4) An unresolved issue i s  whether t o  go the  rou te  o f  
sophist icated, h i g h l y  f l e x i b l e ,  general purpose robots o r  
combinations o f  simpler, special  purpose robots  combined 
w i t h  special  purpose t o o l s  and "hard" automation. 

(5) A t  any rate,  design studies o f  s p e c i f i c  b u l k  processing 
f a c i l i t i e s  are needed t o  determine the  mix o f  f l e x i b l e  
robots, telerobotics and hard automation for efficient, cost 
e f f e c t i v e  operations i n  space. 

Recommendations 

Perform design studies of s p e c i f i c  space-based bu lk  c r y s t a l  
processing f a c i l i t i e s  t o  address the  above questions, 
concerns and open issues i n  regard t o  p o t e n t i a l  commercial 
operations. 

Carry out  a study f o r  a t e r r e s t r i a l / s p a c e  r o b o t i c s  
demonstration p lan t o  support commerci a1 microelect ron ic  
processes ( i n c l  udi  ng bul  k c r y s t a l  growth) i n space. 
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E p i t a x i a l  Thin F i l m  Growth Panel ReDort 

1. Amroach 

(1) Considered h i g h l y  automated ep i tax ,a l  h i n  f i l m  growth 
processing f a c i l i t y  o f  the type present ly  understudy a t  t he  
NASA CCDS a t  the Un ive rs i t y  o f  Houston. 

Reviewed t h i s  f a c i l i t y  i n  the context  o f  t he  purposes o f  t he  
present workshop. 

(3)  Analyzed f indings and drew concl usions/recommendations 

( 2 )  

2. Process Descri Dt ion 

(1) See Figure B-3 f o r  sample process and conf igurat ion.  

3 .  I d e n t i f i e d  Technical Needs/Di f f i  cu l  t i  es 

The'supply and resupply o f  raw mater ia ls  t o  the  e p i t a x i a l  
growth process i n  the  required u l t r a  h igh vacuum 
environment. 

Configuration/reconfiguration or the process o f  s e t t i n g  up 
f o r  s p e c i f i c  mater i  a1 s / f i  lms/designs p r i o r  t o  the  epi  t a x i  a1 
growth process. 

Robot m o b i l i t y  w i t h i n  the e p i t a x i a l  growth f a c i l i t y .  

Low out-gassing and p a r t i c u l a t e  counts are essent ia l  t o  the  
e p i t a x i a l  growth process; i .e., an u l t r a  c lean environment. 

The necessar i ly  accurate movement, t ranspor t  and p o s i t i o n i n g  
o f  ma te r ia l s  and work pieces w i t h  the e p i t a x i a l  growth 
f a c i  1 i t y  requi  res: 
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FIGURE B-3. SPACE-BASE E P I T A X I A L  T H I N  F I L M  
GROWTH F A C I L I T Y  
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4. 

- M u l t i p l e  degree o f  freedom (DOF) (6 o r  more) 
mani pul  a to rs  

- With s u f f i c i e n t  reach range and p o s i t i o n  accuracy 

- With v i s i o n  system in format ion and/or r e a l  t ime 
feedback. 

DeveloDment Reauirements 

(1) Very clean, low maintenance robots  

- Lubr ica t ion  and seal ing s u i t a b l e  t o  pressures o f  
1 0 - l ~  t o r r  

- Mater ia l  p roper t ies  appropr ia te f o r  t o r r  

- High r e l i a b i l i t y ,  long  l i f e  (>5 years) 

(2 )  F l e x i b i l i t y  o f  manipulat ion 

- 6 o r  more DOF 

- Access t o  l a r g e  volume (100 m3) 

- 5 m reach range 

- 0.1 mm t o o l / t i p  p o s i t i o n  accuracy 

- Payload mass up t o  20 Kg 

(3)  Special purpose t o o l s  o r  end e f f e c t o r s  

- Prec is ion micro tweezers 
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5.  

- Built in tactile sensing and controls to avoid 
sample damage 

Resul ts/Concl usions 

(1) Many of these (above) development requirements are already 
being approached by on-going technology development programs 
but not for the mobile, long reach system envisioned for the 
epi taxi a1 growth facil i ty. 

(2) Of particular importance, besides robot arm reach; are the 
micro tweezers with tactile sensing. 

(3) The combined speed, accuracy, reach, and mass operational 
envelop 

(4) Process 
part i cu 
design . 
about 6 
that cl 

is also of special importance. 

material and robot manipulator out-gassing and 
ate (cleanliness) requirements need to be handled in 

orders of magnitude beyond the SOA. 
ans itself. 

Not presently being addressed. Requirements are 
Need a robot 

(5) Non robotic, automated control of valves and other hardware 
should be designed into hazard control systems/strategies. 
But robot should have a designed secondary role in hazard 
recovery. 

(6) Fault analysis is feasible using state-of-the-art vision and 
scene analysis systems. 

(7)  The above maintenance (especially clean1 iness) and repair 
(reliability) requirements for an EVA robot are not 
presently being addressed by the GSFC F1 ight Telerobotic 
Servicer (FTS) project. 
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6 .  Recommendations 

(1) The above c r i t i c a l  issues should be approached by a careful 
d e t a i l e d  design. 

( 2 )  Phased development and demonstration programs should be 
i n i t i a t e d ,  espec ia l ly  for clean1 iness, and manipulation and 
m o b i l i t y  issues. These, o f  course, would be t i e d  i n t o  the  
development o f  the  e p i t a x i a l  growth f a c i l i t y .  
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APPENDIX C 

YoRKsHOP PRESENTATIONS 

SESSION 1 - 9:00 am - 12:30 Dm 

1. 

2.  

3 .  

4 .  

5 .  

6. 

7. 

a. 

9. 

10. 

Modul ar, Kinematical 1 y-Redundant Mani pul ators - Jack Thompson, RRC 

Automation In Crystal Growth - Robert Mazelsky, Westinghouse R&D 

Chemical Vapor Transport Experiment - Dave Yoel, BCSDC 

Robotics and Materials Processing in Space - Lisa McCauley, 
Battell e 

Robotics Requirements for Epitaxial Thin Film Growth for 
Microelectronics in Space - A. Ignatiav, University of Houston 

IC Manufacture in Vacuum - Tom Seidel, UCSB 

Robotics for Commercial Microelectronic Processes in Space - Neville 
Marzwell , JPL 

Micrograv i ty  Robotics - Douglas Rohn, NASA/LeRC 

Industrial Space Facility - Olav Smitstad, ISF 

ConceDt Devel oDment Ideas - Tom Tavl or, SDaceLab 
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. ROBOTICS RESEARCH CORPORATION 

ROBOTICS RESEARCH 
CORPORATION 

MODULAR 

MAN IPU LATO RS 
KINEMATICALLY= REDUNDANT 

PRODUCTS AVAILABLE TODAY 

POTENTIAL FOR IVA SPACE 
MICROELECTRONIC 
MANUFACTURING 

Jack M. Thompson Jr. 

Servomec ManaTr8 anism 
Engineering 
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ROBOTICS RESEARCH CORPORATION 

ROBOTICS RESEARCH 

CURRENT TECHNOLOGY 

A FAMILY OF 
HIGH PERFORMANCE 

MODULAR ROBOT ARMS 
FOR 

FACTORY AUTOMATION 
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ORlGlNAC PAGE 
BLACK AND WHITE PHOTOGRAPH 

IC-21 07HR DEXTEROUS MANIPULATOR 
c - 4  
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BLACK AND WHITE PHOTOG RAP^ 

K-1607 DEXTEROUS MANIPULATOR 
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ROBOTICS RESEARCH CORPORATION 

K-SERIES DEXTEROUS MANIPULATORS 

HUMAN-ARM -LIKE DEXTERITY 

I 

I 

OFF-SET PITCH JOINTS 

FOLD UP 1 REACH 

KINEMATIC REDUNDANCY (7+ D. 0. F.) 

SPEED I ACCELERATION 1 PAYLOAD 

c-7 
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ROBOTICS RESEARCH CORPORATION 

K-SERIES DEXTER0 US MANIPULATORS 

'EXOSKELETON' STRUCTURAL 
PACKAGE 

- LOW MASS / HIGH STIFFNESS 

- TORQUE LIMITING CLUTCHES 

- STRUCTURE ENCLOSES MECHANISM 

- INTERNAL WIRING HARNESS 

- PROVISION FOR SEALING 

= INTERIOR PRESSURE CAN BE DEPRESSED 

. " .  

= CLEAN EXTERNAL FORM 

C-8 



ROBOTICS RESEARCH CORPORATION 

K-SERIES DEXTEROUS MANIPULATORS 

TORQUE -LOOP SERVO-CONTROL 
SYSTEM 

FUNDAMENTAL SOLUTION TO INTRINSIC 
-HARMONIC DRIVE DYNAMICS 

PROBLEMS 

APPLICABILITY TO ADVANCED 
FORCE CONTROL 

BACK-DRIVABLE FOR TELEOPERATOR 
APPLICATIONS 

POTENTIAL SOLUTION TO MANY 
ACTUATOR TORQUE ANOMALIES 

c-9 



ROBOTICS RESEARCH CORPORATION 

ROBOTICS RESEARCH TECHNOLOGY 

MODULAR SPACE MANIPULATORS 

EVA 

8 IVA 

c-10 



ROBOTICS REARCH CORPORATION 

MODUlAR SPACE MA MANUFACTURING MAI~IPULATOR SYSTEM 

ASSUMED DESIGN OBJECTIVES 
- ADVANCED MANIPULATION CAPABILITY 

- DEXTERITY 
-WORK ENVELOPE VOLUME & ACCESS 
-ACCELERATION / SPEED - POSITIONING PRECISION 

- SMOOTH MOTION (MICRO-G) 

- ACTIVE DAMPING 

- FORCE CONTROL 1 LIMITATION 

- SAFE OPERATION 

- DESIGN SIMPLICITY & RELIABILITY 

I LOW MASS 

- ENGINEERED FOR SPACE 
(MICROG, VACUUM, THERMAL MGMT, ETC.) 

- LOW RISK DEVELOPMENT 

- UPGRADEABLE 1 EXPANDABLE, 
DESIGNED FOR GROWTH 

c-11 



ROBOTIC WORKSHOP 

Automation In Crystal Growth 

Robert Maselsky 
Vertinghoure BtD Center 

1310 Beulah B o d  
Pittsburgh, PA 15236 

Crystal growth requires careful control of heat flow, 
terperature gradients, positioning, translation, and rotation. The 
general requirements are applicable to all material systems. 
particular requirements are material specific and can vary for the 
crystal growth technique being utiliced. 
use a differential weight system for automation, a concept not readily 
adaptable to a microgravity environment. 
alternative techniques which have been used in oxide and semiconductor 
crystals. 
for Czochralski and dendritic web growth will be presented and concepts 
for other growth processes suggested. 

The 

Many of the commercial systems 

This talk will review some 

A summary description of optically base automation techniques 

c-12 
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ROBOTICS REQUIREMENTS FOR 

EPITAXIAL THIN FILM GROWTH 

FOR MICROELECTRONICS 

Dl SPACE 

TO 

DEC. 2 AND 3,1987 

c-37 



SPACE VACUUM EPITAXY CENTER (SVEC) 

AT 

THE UNIVERSITY OF HOUSTON 

A CONSORTIUM DEDICATED TO THE 
COMMERCIAL DEVELOPMENT OF 

SPACE VACUUM EPITAXY 
TECHNOLOGY 

UTILIZATION OF SPACE ULTRA V A C W  FOR BOTH 
T" FILM PROCESSING THROUGH MOLECULAR 
BEAM EPITAXY (MBE) AND CHEMICAL BEAM 

EPITAXY (CBE) AND FOR MATERIALS 
PURIFICATION LEADING TO COMMERCIALIZATION 

OF SPACE 
rc-1 

C-38 



SVEC GOALS 

To develop Space Research lead- 
ing to commercial development of 
LEO ultra-vacuum environments. 

Adapt MBECBE thin film growth 
technology to Space ultra vacuum. 

- semiconductors 

- superconductor 

- magnetic materials 

Can have Major Impact on 
Microektronics' Industry 

c-39 



Molecular Beam Epitaxy/ 
Chemical Beam Epitaxy 

Epitaxy is a technique of crystal growth 
through which a material is deposited 
onto a crystalline substrate in an atom- 
by-atom manner and the over-all 
crystallinity is preserved after 
deposition. 

Molecular beam epitaxy (MIBE) is a 

directing beams of atoms or molecules 
produced by thermal evaporation onto a 
heated substrate. 

' technique for crystal p w t b  by 

Chemical beam epitaxy (CBE) is a 
technique for crystal growth by directed 
beams of gaseous molecules which 
dissociate on a heated substrate. 

C-40 



' .i . 

THE PRO CESS: MBE/ CBE 

ACCELERATED 
SOURCE FLUX 

EVAFQEATEB 
SOURCE FLUX 

A FILM SURFACE 
I 

A 
I 

SEGREGATION DIFFUSION 
I I v 

I '.. 
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MBE/CBE BENEFITS 

PRECISE FABRICATION OF ATOMIC, 
SCALE PERFECT HETERO-STRUCTURES 
WITH PREDETERMINED DOPING AND 
COMPOSITIONAL PROFILES M=.- 
JWATERIALS ENGINEERING 

SYNTHESIS OF ARTIFICIAL MATERIALS 
WITH PRESCRIBED CHARACTERISITICS 

NEW DEVICES BASED ON NOVEL 
PRINCEPILES 

NEW SCIENCES 

BE/CBE = MOST POWERFUL TOOL IN THE 
SYNTHESIS OF NEW MATERIALS AND IN THE 

?C-6 
FABRICATION OF NOVEL MICRO-DEVICES 

c-43 



DEVICE APPLICATIONS 0 F MBE 

e 

e 

e 

e 

Opto-electronics (lasers) 

Microwave amplifiers 
(low-noise and power) 

Millimeter-wave (30 GHz to 100 GHz) 
sources and amplifiers 

High-speed digital logic and memory 

Thin-film, high-current density, high- 
temperature superconductors 

PC.7 
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I EARTH LIMITS ON MBEKBE I 

I 

I 
MBE/CBE - A LABORATORY TOOL 

SMALL THROUGHPUT - LIMITED 
CHAMBER SIZE 

HIGH BACKGROUND DOPING 
(1014/CM3) 

INTERFACE CONTAMINATION 

SAMPLE NON-UNIFORMITY 

WALL CONTAMINATION - ONE 
MATERIAL MACHINE (NOT SUITABLE 
FOR EMPIRICAL APPROACH) 

SUBSTRATE PREPARATION - CLEAN 
ENVIRONMENT, DEF'ECT REDUCTION I ' 

I 
PC-1. 

TOXICITY OF GASES USED 

c-45 



SPACE ULTRA VACUUM ADVANTAGES 

ULTRA-HIGH VACUUM (-10-14 TORR) 

NEAR-I"ITE PUMPING RATE 

LARGE VACUUM VOLUME WITHOUT WALL 

4K BACKGROUND RADIATION (SPACE COOLING) 

SOLARBAKE-OUT 

MICROGRAVITY 

ATOMIC-0 

ATOMIC-H 

C-46 



ULTRA-VACUUM FA CILITY 
FOR MBE-IN SPAC E 

SURF* 

*(SPACE ULTRA-VACUUM RESEARCH . 
FACILITY) 

NASA MARSHALL = INITIAL CONCEPT 
PC-12 

c-47 
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SPACE VACUUM EPITAXY 
TECHNOLOGY 

MBE AND CBE APPLICATION INSPACE 

LITTLELIMlrlrAfl[ONS ONSUBSTRATE 
SIZE 

NOTMATENAL SPECIFIC 

- ABSENCE OF CONTAINEX AL- 
LOWS GROWTH OF MlxED III-V 
A N D I I - v I s m c o N D u c r o R s  
AND/ORMETAL ORDIELECTRIC 
(SUPERCONDUCTOR) DEPOSI- 
TIONS FOR CONTACT OR 
PASSIVATION 

- - HIGHTHROUGHPUT - 
IN-SITU PROCESSING OF MATEXIALS 
AND DEVICE STRUCTURES 

ION, ELECTRON OR PHOTON 
BEAMS TO PROMOTE SPATIALLY 
SELECTIVE GROWTH OR DOPING 

C-50 



ELECI'RONBEAM.IUTHOGRAPHY 

ION=BEAMETC"G I 

USE OF ATOMIC OXYGEN AND 
HYDROGEN FOR PROCESSING 

CONTINUOUS PROCESSING IN 
SPACE, ESPECIALLY FOR 
DEVELOPING RIBBONSUBSTRATE 
GROWTHTECHNIQUE 

I 

I 

I LARGEADDED 
VALUE PER UNIT 
MTEIGHT - 

IDEAL COMMER- 
CIALIZATION 
ASPECTS 

C-51 



SPACE VACUlJM E PITAXY; 
APPLICATION EXA MPLES 

HIGH S PEED TRANSISTO RS: 

A1 Ga As 

In Ga As 

0 x5oi fa XI@@ 

-Faster; Thaira S i o n  

0 XlO Less Power 

AGNETO-OPTIC RECO RDING 
MEDIA (CI  d-Y. G d-Dv) 

X10,OOO INCREASE IN BIT DENSITY 

NO HEAD-MEDIUM INTERACTION 

THIN-FILM SUPERCONDUCT0 R -  
T"-FILM SEMTCON DUCT0 R 

DEVICES 
Low Power Dissipation 

Increased Response Time 

C-52 



SEMICONDUCTOR DEVICES: 

- $35 BILLIONNEAR INDUSTRY 

MAGNETIC INFORMATION STORAGE: 

- $15 BILLIONREAR INDUSTRY 

THIN-FILM SUPERCONDUCTING DEVICES: 

- $$$ ??? 

SPACE VACUUM EPITAXY 

0 Ultra-Vacuum 

Large Volume 

High Throughput 

CAN AND WILL MAKE SIGNIFICANT 
IMPACT ON INDUSTRY 

c-53  



ROBOTICS REQUIREMENTS 
FOR 

SPACE THIN FILM GROWTH 

Robotics applications to be patterned 
after current manipdatiodrnobility 
requirements 

- Proof-of-concept experiments 

Substrate sample manipulation 

Mass spectrometerkl~ meter 
manipulation 

Sample transfer & storage 

Effusion cell/gas nozzel changeout 

Gas bottle change out 

AI/Expert System control of thin film 
growth processes 

- Complex Growth Profiles 

c-54 



FLUOIP€SCENt TO VLVJIABLE 
SCREEN SPEfO WTOR 

ANDSUBSTRATE 
MATER SUPPLY 

w 
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7 

PBN Cracker Cell 

ORIGINAL PAGE 
B L A M  AND WHITE PHOTOGRAPH 
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ORlGlNAL PAGE 
RI..ACY A N D  WHITE PHOTOGRAPH 
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SUBSTRATE STORAGE CHAMBER .. 

.. 
* 

STANOARO EXISTlNC lNTRODUCT10N MOOULE 
' \  

, ... .. 
. -  .- - 

* e e.. 

.. 

. .  . .. 
.. . .  . . . .  a. . .  - . -. PERMITS T O  INTRWUCE'UP TO 30 WAFERS - REQUIRES NO ADDITIONAL PUMPING 

- EASY TO INSTALL ON ALL MOOUTRAC LJNE 
- CAN BE INSTALLED A T  BOTH ENDS OF A*MODUTRAC LINE 

. -  

. .  . 

E l  
C-61 
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Future Commercial Needs 

- Production .Applications 

Substrate preparation - wafer formation 

Wder transport& cleaning 

Epitaxial growth - real time control 
with feedback 

Onlline analysis 

Lithography 

Etching 

Analysis 

Metalization 

Scribing 

Packaging 

C-65 
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IC MANUFACTURE IN VACUUM 

THOMAS E. SEIDEL 

UNIVERSITY OF CALIFORNIA 

CRSM=CENTER FOR ROBOTICS IN MICROELECTROhlCS 

SANTA BARBARA, CALIFORNIA 93106 

( 8 0 5 )  961-4970 

TES 12/2/87 
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MEETING A SPECIAL NEED 

->PROFILERATION OF ASIC, CUSTOM IC's 

HOW BEST TO DO DESIGN VERIFICATION? 

WANT: 

FAST TURN AROUND 

HIGH YIELD (VACUUM INTERFACING) . 

SMALL FOOTPRINT - LOW COST 

PROCESS (SERIAL) CONSOLIDATION 

SENSOR TECHNOLOGY DEVELOPMENT 

TES 121218 

C-68 
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PATH FOR PROOF OF CONCEPT 

GUIDELINES: WAFERS TO STAY WITHIN SCARF AS LONG AS 
PRACTICAL, 
AND WE PRACTICE THE IDEA OF 

PROCESS CONSOLIDATION 
TWO-FE R S" (I 

SEQUENTIAL OPERATIONS IN THE SAME TOOL, 

(MOVIE -TO FOLLOW) 

PROPOSED: NMOS (SHORT) 4 mask PROCESS: "kTMOS" 

(POLY GATES 
(*SIDE WALL OXIDE SPACERS 
(DIFFUSED SELF ALIGNED SOURCE & DRAINS 

"POLY-CIDE CONTACTS / RUNNERS 

TES 10/22/87 
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SCARF DRIVERS: CYCLE TIME, YIELD 

STILL, A KEY ISSUE FOR COMMERCIALIZATION: 

VOLUME THROUGH-PUT 

PRELIMINARY ESTIMATES FOR AN 8- MASK CMOS PROCESS 
(ASSUME: JUST-IN-TIME, INSPECTION = PROCESS TIME) 

# WAFERSV'LOT" 

TURN AROUND TIME (hrs) 
- 

##wafers/day 

W a f  ersly r 

#lot s/wee k 

#lots, #desiuns/vr 

1 4 8 16 

24 44 83 160 

1 2 43 >2 

300 600 <goo ,600 

6 3 2 1 

300 - 150 - 100 50 

TES10/22/87 
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PROCESS RESEARCH 

STRATEGY 

MODEL 0.5uM PROCESS/ RUN 2uM-4 MASK 

PRACTICE "PROCESS CONSOLIDATION" 

EXPERT DIAGNOSTICS-YIELD, CYCLE TIME 

PROCESS TOOL EXPERIMENTS /AUTOMATION/CONTROLI 

CVD: Oxinitrldatlon, deposited ox, nit... 

ETCH: Damage, cross contamination 

DRY LITHOGRAPHY / (1988 REV) 

PARTICULATES 

LAMINAR FLOW GLOVE BOX TO WIP TO INSPECTION 
AUTOMATED PUMP CYCLE; LOAD LOCKING 

GETTERING USING ELECTROSTATICS 

INTRINSIC GENERATION IN CVD, ETCH 
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SENSORS 
\- 

INTELLIGENT MACHINE RESEARCH 
METROLOGY WILL LEAD TO CLOSED LOOP CONTROL* 

THICKNESS MONITORING* -EXISTING CRSM PROJECT 
Color Vision Analysis 
E I I  i psom etry 
Spectral Analysis of reflected light 

LINE WIDTH MEASUREMENT --EXISTING SOLID STATE PROJECT 
Heterodyning Optical 
SEM or optical equivalent 

TEMPERATURE MONITORING*-- TO BE IMPROVED HERE 
Pyrometry 
CCD 

PARTICULATE MEASUREMENT 
-RECOMMENDATIONS FOR OPERATIONS 
-SOURCE IDEN JIFICATION, CONTROLS (unpatterned wafers) 

DEFECTIVE PA7TERN RECOGNITION 
I --> (LONGER RANGE FOR CRSM) 

(patterned wafers) 
Optical Processing 
Holographic Techniques 

WAFER FLATNESS 
Proximity 
Laser Scanner 

NEAR SURFACE QUALITY 
OBIR 

TES 10122187 
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IMPLICATIONS OF SCARF 

FASTER TURN AROUND X 3-15 
HIGH YIELD CLASS 0.1 
LOW COST 
FLEXIBLE PROTOTYPE FACILITY 

$4M/f ac t o ry 3 

RESEARCH & EDUCATIONAL 
Automated Closed Loop Control in: 

Sensor Technology 
Robotics (levitation) 
Part i cu I ates 
Vacuum Englneerlng 
IC Process Architecture, ( eg kTMOS) 
Expert Systems 
Queing Theory 

Robots, Depos, Etch, Sensors 

New Chemicals for fast depos, etches 

ASIC Houses 

CVD, Etch, Dry Litho 

OEM TEST BED 

CHEM SUPPLY 

IC INDUSTRY INTERFACING I 

TES 913187 
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SCARF RESOURCE SUMMARY 

EXP 

NSF( PROPOSED) 60% 

~ 

t 

UCSB 
DARPA 
SRC 
SEMATECH 

CAP 

30% 

ALL OEMs (NANOSIL, DRYTEK, YASKAWA, JCSCO ...) 
IC MFRS (AT&T, SANDIA ...) 

CA MICROS 
L NASA 

SCARF CAPITAL MAJOR ITEMS 

ETCHER 1 9 8 8  110K 
LITHO 1 9 8 9  100K 
I M PLANT/ M ET 1 9 9 0  130K/60K 
ADKROBOT 1 9 9 1  75K 
CIM/SENSORS 1 9 9 2  75K/50K 

TES 10122187 
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